In the tracer experiment of elevated-source diffusion, sometimes
Here z is the centerline height of concentration. z is usually interpreted as the effective height of emission or the tracer release height and assumed constant independent of downwind distance. However, the centerline height of concentration is, in general, not constant, as reported in our previous paper (SAKURABA and others, 1972) . The other notations are customary ones.
The vertical distribution of concentration is, from Eq. (1),
When the surface concentration Co is zero or very small, the second term in brackets of Eq.
(1), which shows the reflected part of concentration from the surface, is Fig. 4 . Here the dotted line is the dry adiabat. At Hi, H2 and H3 it is drawn through 28°C at the surface, while at H4 through 29°C.
In these temperature profiles the stable lapse layer aloft is first to be noticed, which seems to have much affected the concentration profile to be stated subsequently. The inland modification of sea breeze due to the heating from the surface is not yet conspicuous at H2, but the potential temperature is the same at the surface and about 200 m level, so the neutral layer is expected to grow rapidly downwind of H2. In fact, at H3, the temperature profile below 150 m level coincides with the dry adiabat through 28°C at the surface, except for the shallow layer close to the ground. At H4 the neutral layer extends up to 300 m level.
The vertical distribution of concentration was measured at three sites : K1, K2 and K3. Their distances from the tracer release site are as follows :
Kl: 0.9 km K2 2.0 km K3 3.6 km K2 and H2 are about the same in distance from the source. The same is the case with K3 and H3. is much affected by the reflected concentration from the surface. However it is evident that each profile has two peak concentrations.
When the vertical distribution of concentration is represented by one pair of az), there occurs only one peak value in the vertical distribution, as is evident from Eq. (2) or (3). So, to express the concentration profile as in Fig. 5 or 6, two pairs of (2, a7) are needed.
Assuming that the concentration profile in Fig. 5 is expressible by the sum of two different Gaussian curves, the lower part of the concentration profile is analyzed in Fig. 7 and the upper part in Fig. 8 . In both figures the ordinate is the ratio of concentration at any altitude z to that at 2 and the abscissa is (z-2)10-z. The full curve is the Gaussian curve.
Here 2-1 and u,i are the centerline height and the vertical spread of concentration respectively representing the lower part of the concentration profile, while 22 and Uzl are those of the upper part.
Plotting uzi=----55 m at x=0.9 km on Pasquill's u,-or, chart (TuRNER, 1967) , the Pasquill stability of uzi is found to be C, where x is the downind distance.
In like manner the Pasquill stability of az2 is D. This shows that the vertical diffusion rate around 100 m level is larger than that of 200 m level.
200 m coincides with the tracer release height and its meaning is self-evident. The mechanism of formation of another lower centerline height Z=120 m is not necessarily evident at this stage. It is important to notice here that, as is evident from the visual inspection of Fig. 5 , the concentration with the centerline height at 200 m has no effect on the surface concentration.
The surface concentration is entirely determined by the concentration with the centerline height at 120 m. This means that, so far as the surface concentration is concerned, the centerline height of concentration is not 200 m but 120 m. Furthermore the Pasquill stability of u, is not D but C.
The lower part of concentration profile at K2 is analyzed in Fig. 9 and the upper part in Fig. 10 . In Fig. 9 the ordinate is z/i and the abscissa is C/Co, Co being the surface concentration. The parameter is 2=100m
Here C-D means that the Pasquill stability is near the midpoint between C and D.
-= 240 m corresponds to the tracer release height, though the height difference between the two is 40 m. Such minor rise or descent of plume centerline is not rare even over a flat terrain.
It is to be noticed that 2 lies in the stable 200 m-300 m layer observed at H2 2-1=100 m is the lower-level centerline height and the Pasquill stability of u below about 100 m level is C-D, which suggests that the layer from the surface to about 100 m level is neutral or near-neutral.
It is well known from the diffusion experiment that the Pasquill stability of uz is on the average C-D in the neutral layer when the downwind distance exceeds 1 km. As already remarked, the neutral layer is expected to grow rapidly downwind of I/2, so it is probable that the diffusion below 100 m level has become that of near-neutral layer at K2.
The lower part of concentration at K3 is analyzed in Fig. 11 and the upper part in Fig. 12. 21= 90 me2=0.
21=90 m is located in the neutral layer extending to 150 m level, as shown in the temperature profile at H3, though the coincidence between observation and calculation is not good in Fig. 11 . The Pasquill stability C-D of cr,i is acceptable as the vertical diffusion rate in the neutral layer. z2=220 m is in the stable 150 m-250 m layer and corresponds to the tracer release height.
The Pasquill stability D-E of 0-,2 is reasonable as the vertical diffusion rate in the stable lapse layer.
The splitting of centerline height of concentration into two seems to have some connection with the thermal stratification of the layer concerned, namely the stable layer aloft and the underlying relatively unstable layer, though the role of winddirection shear shown in Fig. 2 Though the profile at K1 has two peak values of concentration, it is difficult to analyze the lower part of concentration.
So, assuming that the concentration profile consists of a single Gaussian curve, the analysis is shown in Fig. 15. .=60m e2=1 i1= 60m (C) The Pasquill stability of U. is C and equal to that of the lower part of concentration at K1 in Experiment 1. f=60 m corresponds to the tracer release height.
The concentration profile at K2 is analyzed in Fig. 16 .
Similarly the Pasquill stability of a is the same as that of the lower part of concentration at K2 in Experiment 1. The concentration at K3 is very low and correspondingly the accuracy of analysis is not good compared with that of Ki or K2, which is reflected in Fig. 17 .
It must be emphasized here that, when the tracer release height is 100 m, the To assess quantitatively the surface concentration given by Eq. (8) or (9), the following values corresponding to the analysis in Section 3 will be adopted :
Here i(C-D) means that the Pasquill stability of cr?1 is C-D, and so on. The magnitude of crz varies with the downwind distance x as follows :
To determine al and a2, let C(,),) be the concentration at and C(f,2) that at z2, then At x=1 km or so where the magnitude of cr. is rather small, Eq. (11) The righthand side of Eq. (8) is calculated in Fig. 18 and that of Eq. (9) in Fig. 19 . Exactly speaking, cry of Fig. 18 is different from that of Fig. 19 , which, however, has no practical effect on the subsequent discussion.
From Fig. 18 Anyway, when the splitting of centerline height occurs, the surface concentration is dominated by the lower-level centerline height and is extraordinarily high near the source in the light of tracer release height. The higher Pasquill stability of cr.: in the lower layer is also responsible for the high surface concentration.
The present conclusion comes from the diffusion experiment when the tracer release height is 200 m. There is no evidence whatever that, when the effective stack height or tracer release height exceeds 300 m, the same phenomenon occurs.
However, the present result of analysis is serious from the standpoint of practical air pollution control and suggests that, when the effective stack height is 200 m to 300 m, there may occur an extraordinarily high surface concentration near the source not expected from the effective stack height.
